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frequent harvest are used. This will maximize manure 
nutrient utilization and reduce N and phosphorus (P) 
movement to surface and ground water. When using 
livestock manure for forage production careful 
consideration will be given to the N and P concentrations 
of manure. Integrating cropping with livestock production 
system reduce overall fertilizer consumption leading to 
reduced losses of N and P from the system compare to 
stand alone cropping or livestock production systems.  

Stocking density in intensively managed pastures is an 
important factor controlling the extent and magnitude of 
the environmental impacts of livestock production. At 
low stocking density the number and frequency of hooves 
decreased leading to enhanced nutrient cycling and 
biodiversity, and at high stocking density damage to 
pasture may occur leading to soil erosion, runoff and 
water quality degradation. Reducing stocking density may 
be one option to reduce the environmental impacts. 
However, at low stocking density the economic return 
may be affected. The challenge is to optimize the stocking 
density taking into consideration factors such as soil 
texture, topography and the drainage system that reduces 
the environmental impacts of grazing without 
compromising the economic return of small farm holders. 
The development of GHG mitigation strategies and the 
ability to understand and adapt to changing environment 
are critical for sustaining livestock production system and 
reducing its GHG emissions.  

The livestock industry has an overwhelming social 
importance in almost all developing countries as it is 
supporting rural population through year round income 

and human nutrition. Over the years the economic 
importance of livestock production has been given 
widespread attention. Even though it is possible to reduce 
the environmental impacts of livestock production at a 
reasonable cost, it has not been given priority in the past. 
Adequate institutional support and political willingness 
are important to reduce environmental impacts including 
GHG emissions and land and water quality degradation. 
A sustainable and profitable livestock system is possible 
through improved technologies, practices, and policies 
that promote incentives to stakeholders and balance the 
trade-off between sustainability and profitability of the 
system.  

Further research, appropriate policy development and 
institutional support are important to ensure the 
competitiveness of the industry. Research focus can be 
directed towards integrating crops with livestock and 
incorporating silvi-pastoral systems are some options for 
sustainable livestock production and improve the 
system’s environmental and climate footprints. 
Identifying sources of N2O and CH4 emissions from soils 
could help develop management plans that control source 
availability and overall GHG emissions reduction under 
livestock production. 
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1. The challenge 

Soil degradation induced by human activity is a major 
concern in Madagascar. More than 30% of the island’s 
total soil area, covering 184 338 km2, is degraded. 
Moreover, soil erosion and sedimentation cause not only 
on-site degradation of agricultural fertile soils in 
Madagascar, but also off-site problems such as 
downstream sediment deposition in floodplains, water 
streams and reservoirs. Therefore, there is a clear need to 
acquire reliable data on the pattern and magnitude of soil 

redistribution under various agricultural practices to 
promote effective conservation strategies. 

2. The technique 

Nuclear techniques such as 137Cs and 210Pbex possess 
specific characteristics that make them effective soil 
tracers for erosion studies (IAEA, 2014). These fallout 
radionuclides (FRNs) have been initially uniformly 
distributed across the landscape via precipitation. After 
fallout, they are rapidly adsorbed onto fine soil particles. 
The determination of 137Cs and 210Pb redistribution 
provide information on medium-term (~50 years) and 
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long-term (~100 years) average soil 
erosion/sedimentation rates and patterns, respectively. 
One of the main advantages of using both FRNs includes 
the potential for deriving complementary retrospective 
estimates of soil redistribution magnitudes based on a 
single site visit. 

3. The study 

The study area is located 40 km east of Antananarivo, in 
Madagascar highlands. To evaluate the effectiveness of 
traditional Malagasy soil conservation strategies for 
controlling soil erosion processes, two adjacent cultivated 
fields were selected, i.e. an unprotected field and a 
terraced field, as well as an undisturbed reference site in 
the vicinity of these agricultural fields (Figure 1). Soil 
samples were collected along transects using a motorized 
corer. The 137Cs and 210Pbex analyses were performed at 
the “Institut National des Sciences et Techniques 
Nucléaires” (INSTN-Madagascar) using a high resolution 
and low background N-type HPGe gamma detector. The 
Improved Mass-Balance Model conversion (MBM2) was 
employed to estimate the soil redistribution rates. 

4. The results 

The sloped field showed downward movement of soil 
particles (see Rabesiranana et al., 2016), in the terraced 
field, soil are retained and redistributed within the plot 
limiting off-site sediment delivery (Figure 2). At the 
terraced field, 137Cs and 210Pbex inventories reached 145 
Bq m-2 to 280 Bq m-2 and 2141 Bq m-2 to 4253 Bq m-2, 
respectively. At the unprotected field, the 137Cs and 
210Pbex inventories values ranged from 110 Bq m-2 to 280 
Bq m-2 and 2026 Bq m-2 to 4110 Bq m-2, respectively. The 
net soil erosion determined for the unprotected field were 
7.4 t ha-1 y-1 and 5.9 t ha-1 y-1 for 137Cs and 210Pbex 
methods, respectively. In contrast, at the terraced field, 
the net soil erosion rates reached only 3.4 t ha-1 y-1 and 
3.8 t ha-1 y-1 for 137Cs and 210Pbex methods, respectively. 

Moreover, FRNs timeframe discrimination highlights that 
at the unprotected field, erosion has increased for the last 
50 years (from 137Cs data) compared to the last 100 years 
(from 210Pbex data). On the opposite, it has decreased at 
the terraced field.  

Our results demonstrate that soil terracing reduces soil 
erosion as well as sediment delivery and, therefore 
provides an efficient solution to protect soil resources of 
the Malagasy highlands. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1. Study area location and picture of the terraced field investigated 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Soil redistribution rates along a) the terraced field and b) the unprotected field 
(NB: Figure. 2b is adapted from Rabesiranana et al. (2016)) 
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